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Figure 6-16. Flux contours 2 days after Starfish, as determined from 
Telstar data by Newkirk and Walt (unpublished). 
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6.5 USSR DETONATIONS IN 1962 

6.5.1 Introduction 

In the fall of 1962, the Soviet Union conduc ted three high-altiturlp. 

nuclear weapons tests that produced significant trapping of high-energy 
electrons. The dates and approximate times of these detonations are 
given in Table 6-1. 

Data on the trapped electrons were obtained by a number of satel­
lites including Telstar 1, Explorer 14, Alouette, Starad (1962 BK), 
and Explorer 15. Characteristics of these satellites are listed in 
Table 6-8. Since Starad and Explorer 15 were instrumented speci­
fically to observe the fission-spectrum electrons from Starfish (which 
occurred on 9 July 1962), the information obtained on the USSR detona­
tions with these two satellites is especially valuable. Unfortunately, 
both satellites were launched after the 22 October explosion and, there­
fore, give little information for that event. 

Section 6.5.2 summarizes the available trapped electron informa­
tion that resulted from these explosions. In Section 6.5.3, an assess­
ment of the total inventory of trapped electrons is presented. 

6.5.2 Summary of Trapped Particle Data 

22 OCTOBER EVENT. Trapped electrons from the 22 October ex­
plosion were observed by Telstar, Alouette, and Explorer 14 soon 
after the detonation. The residual radiation was seen some days later 
by Explorer 15. Since the orbits of these vehicles were appreciably 
different, observations were made at significantly different altitudes. 
Alouette, being a circular polar orbit at ~ 1,000 kilometers, inter­
cepted the band at low altitude, whereas the Explorer 14 crossings 
were near the equatorial plane. Telstar, having moderate inclina­
tion, is perhaps the most favorably situated of the three. All three 
satellites had instruments designed to measure natural radiation. 
Consequently, the energy sensitivities were not optimum for fission­
spectrum electrons. 

According to measurements made by Alouette, a broad band of 
electrons was injected, extending from a sharp inner boundary at 
about L = 1. 8 to L = 6. Explorer 14, on the other hand, did not 
observe an increase beyond about L = 3.6 to 4.2. However, be­
cause of the higher natural background experienced by Explorer 14 
(due to lower detector thresholds and higher altitude of L-intercepts), 
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Explorer 14 would not have detected a flux of the magnitude seen by 
Alouette at L> 3.6. Hence, injection probably did occur to about 
L = 6. A double maximum in the L-profile of the belt was suggested 
by Alouette's data. This observation was confirmed by passes of 
Explorer 15 made shortly before the second Russian shot. 

The most complete flux distributions for this event were derived 
from Telstar's counting rates (Reference 56). A plot of omnidirec­
tional fluxes in R, A. coordinates is shown in Figure 6-23. The dotted 

3.0 Re 

Figure 6-23. Omnidirectional flux (cm-2 sec- 1) contours (Telstar data) 
immediately following the Russian test-of 22 October 1962 
(Reference 56). 

6-48 



contours denote extrapolations based on the spatial derivatives of the 
flux in the measured regions (solid lines). The numbers shown rep­
resent the flux values immediately after injection. 

28 OCTOBER EVENT. Because of the large number of radiation 
measuring satellites in orbit at the time of detonation, the trapped 
radiation from the 28 October event is better known than that of any 
other high-altitude nuclear explosion. In particular, the two satel-
lites Explorer 15 and Starad were instrumented to measure energy 
spectra and angular distributions of fis sion-fragment electrons. Un­
fortunately, because the spin rate of Explorer 15 was larger than planned, 
angular distribution information was not recovered. In the case of 
Starad, the telemetry and timing system introduced noise and position 
errors, thereby reducing the value of that satellite. By careful study, 
some of these difficulties have been overcome, yielding a fairly com­
plete analysis of SOme of the data from the 28 October test (Reference 
38). 

In many respects, the trapped radiation produced On 28 October 
resembled that produced on 22 October. The trapped band had a sharp 
inner boundary at L ~ 1. 8 and extended to L ~ 3.0 as seen by Alouette 
and Explorer 15. A well-defined double maximum was apparent with 
peaks at L ~ 1. 82 and L ~ 2.17 (values slightly B-dependent). A de­
tailed analysis (Reference 38) was presented based on information from 
a directional spectrometer carried on Starad. From the pitch angle 
distribution (confirmed in Reference 57), it is clear that a major 
injection occurred at low altitudes. Se-,reral different experimenters 
report that the energy spectrum was not an equilibrium fission spec­
trum, at least at some positions. This result implies either that the 
debris motion extended over many minutes or that some electromag­
netic effect altered the energy after the electrons were injected. 

Omnidirectional fission-electron fluxes from Telstar also were 
computed for this event and are given in Figure 6-24 for time zero 
(Reference 56). In the analysis resulting in the figure, the energy 
spectrum was assumed to be a fission spectrum at all points, an as­
sumption known to be incorrect. However, the Telstar detector 
(threshold ~ 0.4 MeV) is not very sensitive to spectrum changes of 
the type observed. The contours in the region L ~ 2 show maximums 
off the equator in agreement with the conclusions of West that the in­
jection was at low altitude. 

1 NOVEMBER EVENT. The distribution of trapped electrons from 
the 1 November event was qualitatively different from the two previous 
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Figure 6-24. Omnidirectional flux (cm-2 sec- 1) contours (Telstar data) 
immediately following the Russian test of 28 October 1962 
(Reference 56). 

ones in that the inj ection was confined to a narrow band centered at 
L = 1. 766 with a full width at half maximum in the equatorial plane of 
about 250 kilometers. The best readily available data describing the 
narrow band and its subsequent decay are given in Reference 23. 

No pitch angle distributions have been published, but the observed 
B-independence of the omnidirectional flux measured by Explorer 15 
implies (with some uncertainty) that injection occurred along the en­
tire field line. 
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6.5.3 Electron Inventories 

22 OCTOBER EVENT. Electron inventories for the 22 October 
event have been obtained from Explorer 14 and Te1star data, and a 
lower limit to the inventory has been estimated from Alouette data. 
From Explorer 14 results, Van Allen (Reference 26) estimated that 
1. 5 x 1024electrons with energy greater than 230 KeV were trapped 
(also, see Reference 36). However, this number is questionable 
because of uncertainties in the geometric factor for fission- spectrum 
electrons, high natural background, and the restricted spatial cover­
age. Van Allen was unable to detect any injection above L = 3.6, 
whereas Alouette clearly indicated that high-energy electrons were 
present out to about L = 6. 

The Alouette orbit was in the low regions of the radiation belts. 
However, if the omnidirectional flux is assumed to be constant along 
field lines, a lower limit to the inventory can be estimated. From 
the L-shell profile of orbit 316 published in Figure 5 of Reference 35, 
one derives· >1. 15 x 1023 electr~ns above 3.9 MeV or a total electron 
inventory >2.9 x 1024 electrons, assuming that 4 percent of the fission 
electrons are above the nominal detector threshold of 3.9 MeV. 

The most complete spatial coverage for the 22 October event was 
given by Telstar (Figure 6-23). The total population derived from 
that figure is 4.8 x 1025electrons. 

28 OCTOBER EVENT. Similar analyses were made of the Alouette 
data and the Telstar count rates for the 28 October detonation. The 
data of Pass 298, shown in Figure 6 of Reference 35, were used for 
Alouette and gave an inventory of >3.5 x 1022electrons above 3.9 MeV, 
or a total of >8. 8 x 1023 electrons. The total inventory derived from 
Telstar data plotted in Figure 6-24 is 1. 6 x 1025electrons. West (Ref­
erence 38), using Starad results, obtains inventories of 2.0 ± 1 x 102~ 
1. 2 ± 0.5 x 102~ and 5.9 ± 2 x 1024for electrons above 0.2, 0.5, and 
1. 0 MeV, reJPectively. 
lite, 5 x 102 electrons 
ence 39. 

From a separate instrument on the same satel­
above 1. 2 MeV were obtained as cited in Refer-

1 NOVEMBER EVENT. Computation of the electron inventory for 
the 1 November 1962 explosion were derived for three energy thresholds 
from the published electron fluxes of Brown (Reference 23): 
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• E> 0.5 MeV 5.6 x 1023electrons 

• E> 1. 9 MeV 2.8 x 1023electrons 

• E> 2.9 MeV 8.5 x l022electrons 

The ratio of these values is in reasonable agreement with that of a 
fission source. The value for the 0.5 MeV threshold is rather in­
accurate, however, because of the higher background at low energy. 

The inventories for the three tests are summarized in Table 6-10, 
where the first column identifies the satellite, the second column 
shows the total number of electrons above the detector threshold, 
and the third column presents the total number of fission electrons 
detected, assuming that the energy distribution was an equilibrium 
fis sion spectrum. The last column includes an adjustment, where 
available, to correct for factors specified in the footnotes, and gives 
quantities that are to be compared. There are factors of 10 disagree­
ment in the face values of the inventories for the first two USSR 
detonations. 

The most probable values for the inventories were selected thus: 
For the I November event, the only data available are those of Brown 
(Reference 23). The internal consistency in his results for the 1 
November event and the agreement between the spot checks of his 
Explorer 15 data with other data for the 28 October electron fluxes 
argues that the inventory is probably good to better than a factor of 2. 
Of the three inventory values, the 1. 9 MeV threshold result is pre­
ferable. The >0. 5 MeV channel had high background, and the >2.9 
MeV channel contains such a small fraction of the fission spectrum 
that the inventory is critically dependent on the detector energy sen­
sitivity. 

For the 22 October detonation, most of the data has large uncer­
tainties. The orbital period of Explorer 14 was too long for good 
sampling, and the background was so high that the bomb electrons 
were not discernible above L = 3.5. Alouette was in a low-altitude 
orbit and did not sample the most intense fluxes. Furthermore, the 
geometric factor of the >3. 9 MeV detector on Alouette is probably 
very uncertain since the straggling of electrons in 1. 4 grams per 
square centimeter of material is very difficult to estimate. Telstar 
has the best orbit but the detectors have poor energy selectivity for 
fission-spectrum electrons. However, in spite of the uncertainties 
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Table 6-10. Electron inventories for the USSR tests. 

Satellite Measured Value 
Tatal Observed 

Inventory Estimate 
Electrons E > 0 

22 Octaber 

Explorer 14 1.5 x 10
24 

E> 230 KeV (L '" 3.5) 1.8 x 1024 4.5 x 10
24a 

Alouette 1. 15 x 10
23 

E>3.9MeV 2.9 x 1024 2.9 x 1024 

Telstar 4.8 x 10
25 

4.8 x 10
25 

28 October 

Explorer 14 1.5 x 1024 E > 230 KeV 1.8 x 1024 3.6 x 1024b 

Alouette 3.5 x 1022 E>3.9MeV 8.8 x 10
23 

8.8 x 10
23 

Telstar 1.6 x 10
25 

1.6 x 10
25 

Starad 5 x 1024 E > 1.2 MeV (L > 1.9) 1.2 x 10
25 

1. 35 x 10
25c 

(Reference 39) 

Starad 2.0 x 1025 E> 200 KeV 2.3 x 10
25 

2.3 x 10
25 

(Reference 38) 

1.2 x 10
25 

E > 500 KeV 1.7 x 10
25 

1.7 x 10
25 

5.9 x 1024 E>1.0MeV 1.2 x 10
25 

1.2 xl0
25 

1 November 

Explorer 15 5.6 x 10
23 

E> 0.5 MeV 7.9 x 10
23 

2.8 10
23 

E>1.9MeV ,1. 19 x 1024 1.2 x 1024 

8.5 x 1022 E > 2.9 MeV 8.0 x 10
23 

Nates: 

alncreased by 25 percent for electrons at L> 3.5 on the basis of the Telstar distributions and 
increased by a factor of 2 to allaw far a rapid decay in the 2 days between injection and 
sampling by Explorer 14. 

blncreased by a factor of 2 ta allow for the decay between the 28 Octaber and the sampling 
period on ~ 30 October. 

clncreased by 12 percent for electrons at L'" 1.9 on the basis of the distributions measured 
with Telstar. 
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in the geometric factor of Telstar, the ratio of inventories for the 
22 October and 28 October tests obtained by Telstar should be ac­
curate. This ratio is about 3. The ratio of the 22 to 28 October 
test as computed from Alouette is also 3, although this agreement 
is probably fortuitous. 

For the 28 October detonation, the inventory of ~ 1. 2 x 1025 

electrons appears to be the most accurate. This figure was obtained 
independently by two groups (References 38 and 39), using different 
instruments. Although West's three inventory determinations scatter 
by a factor of 2, the value associated with a threshold of 1. 0 MeV was' 
selected since the background is lowest at that energy. This inventory 
value obtained from Starad is in rather good agreement with the Tel­
star result of 1. 6 x 102~ a fact that supports the Telstar figure for 
the 22 October explosion. Since the absolute values of the Starad 
fluxes are probably better than those of Telstar, the Starad value for 
the 28 October test is accepted and the Telstar ratio of 22 to 28 Octo­
ber inventories is used to find the inventory for the 22 October explo­
sion. The final results for total electron inventories, E > 0 are: 

• Event 1-22 October, 3.6 x 1025electrons 

• 25 Event 2-28 October, 1. 2 x 10 electrons 

• Event 3-1 November, 1. 2 x 1024electrons 

The low values for inventories deduced from Alouette were dis re­
garded because the low-altitude orbit did not sample the intense fluxes 
and because of uncertainties in the geometric factors. The assumption 
used in the inventory calculation (flux at constant- L is independent of B) 
is obviously wrong on the basis of the Telstar distributions. 

A substantial disagreement still remains between the values from 
Explorer 14 and the final values selected, the difference being a fac-
tor of 8 for Event 1 and a factor of 3.5 for Event 2. In the case of 
Event 2, the concentration of flux off the equatorial plane (Figure 6-24) 
would result in a lower inventory being measured by Explorer 14. The 
discrepancy for Event 1 still is unresolved. However, since the Telstar 
orbit is much superior for sampling the artificial belt, the Explorer 14 
data have been ignored in computing inventories. 
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